ORIGINAL ARTICLE PURPOSE We aimed to investigate prostate cancer detection rate of magnetic resonance imaging (MRI)-guided biopsy and to elucidate possible relations to the number of prior negative transrectal ultrasonography (TRUS)-guided biopsies.
RESULTS
Cancer detection rates for patients with one (n=24), two (n=25), three (n=18), and four or more (n=20) negative TRUS-guided biopsies were 29.2%, 40.0%, 66.7%, and 35.0%, respectively (P = 0.087). The median number of removed cores per patient was 3 (range, 1-8) without a significant difference between patients with and without cancer (P = 0.48). Thirty of 36 cancer patients were at intermediate or high risk according to the D´Amico clinical risk score. Eleven of 15 high risk cancers were localized in the transition zone (P = 0.002).
CONCLUSIONS
This study demonstrates high cancer detection rates of MRI-guided biopsy independent of the number of previous TRUS-guided biopsies and the number of taken prostate cores. MRI-guided biopsy therefore represents a less invasive and effective diagnostic tool for patients with prostate cancer suspicion and previous negative TRUS-guided biopsies. P rostate cancer is the most prevalent cancer afflicting men in the Western world (1) . Digital rectal examination and prostate-specific antigen (PSA) blood levels are the most common clinical tests used to screen for prostate cancer (2) . Because several benign conditions, such as benign prostatic hyperplasia and prostatitis, can also elevate the PSA level, the PSA level blood test is not specific for cancer; therefore, the USA Preventive Task Force Service does not recommend this test for prostate cancer screening (3) . Transrectal ultrasonography (TRUS)-guided biopsy is the best established standard for diagnosing prostate cancer. The European Prostate Cancer Detection Study (4) revealed a 22% cancer detection rate for patients undergoing initial TRUS-guided biopsy. In this study, an additional 123 patients, corresponding to 12% of the initial cohort, were diagnosed with prostate cancer after undergoing a second, third, or fourth repeat biopsy (4) . The TRUS-guided biopsy technique is known to frequently overlook cancers in the anterior region of the prostate, where approximately 30% of cancers reside (5) . Therefore, the false negative rate of TRUS-guided biopsies is a major concern. It is well known that cancer detection by TRUS-guided biopsy can be improved by increasing the number of removed cores and by contrast-enhanced-targeted biopsies (6) (7) (8) (9) (10) .
Multiparametric magnetic resonance imaging (MRI) of the prostate has been shown to have a high sensitivity and specificity for detecting prostate cancer (11) (12) (13) (14) . Its accuracy in localizing prostate cancer was found to be superior to that of TRUS-guided biopsy in the prostate apex and transition zone (15, 16) . MRI was also shown to be valuable prior to TRUS-guided biopsy and to improve prostate cancer detection compared to TRUS alone (17, 18) . "In-bore" MRI-guided biopsy was recently introduced and has the advantage of enabling direct MRI-guided, targeted biopsies of suspicious areas rather than the traditional ultrasonography (US)-guided systematic biopsies (19, 20) . Therefore, the MRI-guided biopsy technique provides an alternative to TRUS-guided biopsy in patients with abnormal PSA values (19, 20) . The prostate cancer detection rate of TRUS-guided biopsy decreases with every rebiopsy and increases with the number of cores collected (4, 6, 8) . This phenomenon is most likely due to the systematic biopsy approach of TRUS biopsies compared to a targeted biopsy technique, such as direct MRI-guided biopsy, which should not be affected by prior biopsies.
The aims of the present study were to determine the cancer detection rates of MRI-guided biopsy at 1.5 Tesla (T) and to investigate the possible effects of the number of previous TRUS-guided biopsies and of the number of tissue cores sampled. Hence, we analyzed consecutive patients after they underwent at least one negative TRUS-guided biopsy and who had persistent prostate cancer suspicion due to their constantly elevated or increasing PSA values.
Materials and methods

Patients
Eighty-nine consecutive patients underwent MRI-guided biopsy in our clinic between January 2008 and December 2011. Only patients with at least one negative TRUS-guided biopsy were included in the study. Two patients underwent MRI-guided biopsy for their initial prostate biopsies and were subsequently excluded from the final study population, which consisted of 87 patients. All patients had at least one suspicious lesion on diagnostic endorectal (Medrad ® Prostate eCoil™, Bayer Healthcare, Berlin, Germany) MRI examination (1.5 T, Magnetom Avanto or Sonata, Siemens Healthcare, Erlangen, Germany) before MRI-guided biopsy. Exclusion criteria included general contraindications to MRI such as cardiac pacemakers or metal clips, a diagnosis of claustrophobia, acute but also infections of the urinary tract, and decreased blood clotting parameters. All patients gave written informed consent prior to the examination. This study was approved by the local institutional review board of the Charité University Medicine Berlin. ). In a subset of the patients, MR spectroscopy (54 patients) and dynamic contrast-enhanced imaging (60 patients) were performed. Confluent hypointense areas on T2-weighted images were classified as suspicious if the corresponding T1-weighted image was also homogeneously hypointense. Multiparametric data were evaluated together with T2-weighted images. Areas of low signal intensity in the apparent diffusion coefficient maps were classified as suspicious for cancer if morphologic imaging did not show the typical appearance of a hyperplastic nodule in the central gland. Dynamic contrast-enhanced imaging was evaluated using pharmacokinetic parameter maps (K trans and k ep ) based on an open two-compartment model (21) . An increase in the choline+creatinine-to-citrate ratio was regarded as indicative of cancer in MR spectroscopy (22) .
MRI
MRI-guided biopsy
Patients with at least one suspicious lesion in the peripheral zone or central gland were considered for MRI-guided biopsy. Approval for the procedure was contingent upon normal blood clotting parameters at least one week before the scheduled biopsy. Prophylactic antibiotics were administered one day prior to MRI-guided biopsy and continued for three days after biopsy. MRI-guided biopsy was performed on a 1.5 T scanner (Magnetom Avanto or Sonata, Healthcare). Images were acquired using combined body and spine phased-array coils. The MRI-guided biopsy protocol was performed as described elsewhere (19) . Briefly, patients were placed in the prone position. A needle guide marked with a Gd-chelate gel was inserted rectally and then connected to the arm of the biopsy device (Invivo International, Best, The Netherlands). To localize the lesions detected by prebiopsy diagnostic MRI, a three-dimensional T2-weighted TSE sequence (TR, 1500 ms; TE, 79 ms; number of excitations [NEX], 3; FOV, 240×240 mm; image matrix, 256×256; d, 0.9 mm) was acquired. The isotropic image voxels enabled the simulation of needle guide directions relative to the suspicious target area in the prostate for planning the optimal biopsy direction. The needle guide was directed at the suspicious lesions using the sagittal and oblique T2-weighted rapid acquisition with relaxation enhancement images (TR, ∞; TE, 79 ms; NEX, 2; FOV, 340×306 mm; image matrix, 320×288; d, 5 mm) oriented parallel to the needle guide. Biopsies were obtained using a semiautomatic MRI-compatible, core needle biopsy device (needle length, 15 mm; size, 18 G or 16 G) (Invivo International). Samples were immediately fixed in formaldehyde and processed using standard histopathological techniques. An experienced uropathologist evaluated the samples for prostate cancer.
Statistical analysis
Data are presented as absolute and relative frequencies for categorical variables, and as medians with the associated minimum and maximum values for continuous variables and count data. Comparisons between the groups were analyzed using the Wilcoxon rank sum test for continuous data and the chi-square test based on the Poisson regression for count data. For categorical data comparisons between the groups data were tested by Pearson's Chi-square test or the Fisher Freeman-Halton test. Correlation between the number of prior biopsies and the presence of prostate cancer was evaluated using the Spearman rank correlation coefficient. Two-sided P values less than 0.05 were considered to be statistically significant. The D'Amico clinical risk score, which accounts for the PSA and biopsy Gleason score, was determined for each patient with prostate cancer (23) . Accordingly, patients were assigned to one of three risk groups: low (Gleason score of 6 and PSA level of up to 10 ng/mL), intermediate (Gleason score of 7 or PSA of 10-20 ng/mL), or high (Gleason score of ≥8 or PSA >20 ng/mL) (23) . Calculations were performed using SAS 9.2 (SAS Institute Inc., Cary, North Carolina, USA).
Results
The final study population included 87 patients who had at least one negative TRUS-guided biopsy and persistent suspicion of prostate cancer due to elevated or increasing PSA levels. The mediean age at biopsy was 66 years (range, 47-78 years). The median PSA value before MRI-guided biopsy was 10.1 ng/mL (range, 2.9-66.1 ng/mL) ( Table 1 ). The median time span between diagnostic MRI and MRI-guided biopsy was 7 days (range, 1-416 days) and 21 days (range, 1-142 days) in patients with and without prostate cancer, respectively (P = 0.52).
In total, 302 cores were removed in 87 patients. The median number of removed cores per patient was 3 (range, 1-8) for the entire study population (Fig. 1) . No significant difference was found in the number of cores between the patients with (median, 4; range, 1-7) and without prostate cancer (median, 3; range, 1-8) (P = 0.4809, Table 1 ).
Prostate cancer was diagnosed in 36 (42%) patients. Seventy-four (25%) of the 302 prostate cores were positive for cancer (Table 2 ). Peripheral and transition zone cancers were evident in 42 (57%) and 32 (43%) of the removed cores, respectively. The Gleason scores ranged from 6 (all 3+3) to 10 ( Table 2) . Gleason scores of 6, 7, and ≥8 were demonstrated in 39, 25, and 10 prostate cancer cores, respectively (Fig. 2) . No significant difference was found in the Gleason score and the location of the cancer in either the peripheral or transition zone (P = 0.0713, Table 2 , Fig. 2 ). According to the D´Am-ico clinical risk score, only five patients were in the low-risk group, 16 patients were in the intermediate-risk group, and 15 patients were in the high-risk group (Table 3) . No significant difference was found between the risk groups with respect to the prebiopsy history (P = 0.20, Table 3 and Fig. 3 ). Cancer patients with the highest Gleason scores in the transition zone were more likely to belong to the high-risk group, which was statistically significant (P = 0.002; Table 3 ). Of the 36 patients with prostate cancer detected by MRI-guided biopsy, 17 (47%) patients had a Gleason grade of 7 or more ( Table 4) .
The patients had a median of two negative TRUS-guided biopsy sessions (range, 1-10) before MRI-guided biopsy without a significant difference between the patients with and without cancer (P = 0.8268, Table 1 ). Of the entire study population, prior to MRI-guided biopsy, 24 patients underwent one TRUS-guided biopsy, 25 patients underwent two TRUS-guided biopsies, 18 patients underwent three TRUS-guided biopsies, and 20 patients underwent four or more TRUS-guided biopsies (Fig. 3) . No significant difference was found in the cancer detection rates between these groups. The cancer detection rates for patients with one, two, three, and four or more negative TRUS-guided biopsies were 29.2%, 40.0%, 66.7%, and 35.0%, respectively (P = 0.087, Fig. 3 , Table 4 ). Furthermore, no significant correlation was found between the number of TRUS-guided biopsies and the cancer detection rate (P = 0.29).
Discussion
TRUS is the most extensively studied and widely used imaging modality for guiding prostate biopsies. TRUS-guided biopsies are the gold standard for detecting prostate cancer. The old, standard 6-core TRUS-guided biopsy approach obtains mainly midlobar parasagittal cores and is not sufficient for detecting prostate cancer (24, 25) . For TRUS-guided biopsies, higher detection rates can be achieved by increasing the number of core samples (6, 7, 26) . Studies performed with a sampling of up to 21 cores by TRUS-guided biopsy yielded higher detection rates than biopsy regimens involving the removal of fewer cores (8) .
Cancer detection rates increase from 22.7% with the 6-core biopsy regimen to up to 31.3% with the 21-core biopsy regimen (8) . The authors reported an almost linear increase in the detection rate with an increase in the core number, reflecting the systematic nature of biopsy sampling.
MRI-guided biopsy is an alternative method for patients with at least one negative TRUS-guided biopsy and persistent suspicion of prostate cancer. In MRI-guided biopsy, suspicious lesions of the prostate are localized in advance; in addition, targeted biopsies are collected under MRI guidance (19, 20, 27) . Therefore, prostate cores are removed directly and only from the suspicious areas of the prostate rather than in a systematic fashion. In the present study, the targeted biopsy approach using MRI-guided biopsy resulted in a low number of removed cores (median, 3, range 1-8). Accordingly, our results are similar to those of other groups, who reported an average of 4 to 5 removed cores using MRI-guided biopsy at 1.5 T (28-30) . However, the present study also demonstrates explicitly that no significant relationship exists between the number of removed cores and the detection of prostate cancer, underlining the targeted nature of MRI-guided biopsy. By only removing cores from suspicious areas, the MRI-guided biopsy technique achieves a high detection rate (42%). These findings support that MRI-guided biopsy is an effective and minimally invasive alternative for patients with continued suspicion of disease despite previous negative tests.
In the present study, we detailed the detection rates of prostate cancer in relation to the number of prior negative TRUS-guided biopsies, which is the first study of its kind. We found no significant effect from the number of prior negative TRUS-guided biopsies on the prostate cancer detection by MRI-guided biopsy. For TRUS-guided biopsies, the detection rate decreases with the number of biopsies performed; detection rates of 10%, 5%, and 4% have been reported for the first, second, and third rebiopsies, respectively (4). In fact, in the present study, the detection rates of MRI-guided biopsy were 29%, 40.0%, 66.7%, and 35.0% in the first, second, third, and fourth or more rebiopsies, respectively. Unlike TRUS-guided biopsy, MRI-guided biopsy is a targeted biopsy technique, which likely explains the constant high detection rates of prostate cancer, which are independent of the number of previous negative TRUS biopsies and removed prostate cores. MRI-guided biopsy can be utilized as a primary or secondary rebiopsy technique because the available data imply that there are higher detection rates from one MRI-guided biopsy compared to TRUS-guided repeat biopsies, up to the third rebiopsy (4). Only four 1.5 T MRI-guided biopsy studies, with a total of 176 patients, have been previously published (19, 28, 30, 31) . The reported overall detection rates ranged between 42% and 55% with a high proportion of transition zone cancers, accounting for 35% of removed cores. Our results confirm these findings, demonstrating a high proportion of transition zone cancers (43% on a core basis and 42% on a patient basis). The high fraction of transition zone cancers detected by MRI and MRI-guided biopsy is likely due to a selection bias because cancers localized in the anterior part of the prostate are more likely to be missed using systematic TRUS-guided biopsy approaches (27, 32) . This phenomenon is supported by our data; patients with a prostate cancer index lesion in the transition zone significantly more often belonged to the high risk group according to the D´Amico clinical risk score (Table 3) . In this study, 19 patients had a low-grade prostate cancer with a Gleason score of 3+3=6. However, almost one in two cancer patients (n=17) in our study population had a more aggressive cancer with a Gleason score of 7 or higher. More importantly, according to the D´Amico clinical risk score, 31 of 36 patients were at intermediate or high risk (16 and 15 patients, respectively) but had a median of two or three prior negative systematic TRUS-guided biopsy sessions, which emphasizes the clinical benefit of MRI-guided biopsy for a high proportion of patients with aggressive prostate cancer.
The present study has some limitations. Because diagnostic MRI is necessary prior to MRI-guided biopsy, this study and others are limited by selection bias (33) . All of the patients in our study had at least one suspicious lesion upon MRI. The sensitivity of prostate MRI depends on the Gleason score and tumor size, which in turn might be attributed to the preselection of clinically relevant cancers.
One concern regarding MRI-guided biopsy is the cost effectiveness compared to the less expensive TRUS-guided biopsy procedure. MRI-guided biopsy is not currently the primary biopsy technique for patients with elevated PSA values and suspicion of cancer; however, MRI-guided biopsy should be considered as a rebiopsy technique in patients with the aforementioned diagnostic dilemma of persistent cancer suspicion despite a negative primary biopsy. Furthermore, the present study indicates that MRI-guided biopsy may be more suitable as a first line rebiopsy technique than a TRUS-guided saturation biopsy because it is less invasive and has a high detection rate. However, two issues need to be addressed in future studies: 1) determining the optimal and most cost-effective time point for referring patients for MRI-guided biopsy and 2) whether MRI-guided biopsy is indeed more expensive than TRUS when factoring in the differences in the detection rates as well as the avoidance of unnecessary TRUS-guided biopsies (33) . Part of the solution may be to utilize MRI in routine, diagnostic imaging for patients with suspected prostate cancer. Combining MRI and real time TRUS-guided biopsy using fusion techniques in selected patients might prove to be an effective diagnostic strategy for optimizing diagnostic accuracy and cost-effectiveness (34) . A recently introduced real-time MRI/US fusion technique has been reported to yield promising prostate cancer detection rates of up to 34% (35) . Notably, however, MRI was conducted at 3 T in that study, which might have improved the diagnostic accuracy of the T are up to 59% (29) . Prospective randomized head-to-head comparisons of MRI-guided biopsy and MRI/US fusion biopsy should be conducted in the future with respect to prostate cancer detection rates, Gleason up-and downgrading and the complications and cost-effectiveness of methods.
In conclusion, the present study demonstrates that MRI-guided biopsy has a constant, high cancer detection rate independent of the number of previous negative TRUS biopsy sessions as well as the number of removed prostate cores. Assuming that MRI-guided biopsy provides an accurate diagnosis in a high proportion of patients while being less invasive than repeated TRUS-guided biopsies, this technique is an attractive alternative diagnostic tool for the selected group of patients who have at least one negative prior TRUS-guided biopsy and persistent suspicion of prostate cancer.
